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ABSTRACT 



Ah evaporation apparatus includes a vacuum chamber, 
a vacuum pump for producing a pressure-reduced at- 
mosphere in the vacuum chamber, at least one vacuum 
evaporation device for evaporating an evaporation ma- 
terial provided in the vacuum chamber, a drum opposed 
to the vacuum evaporation device and routing, for 
cooling a film substrate on which the evaporation mate- 
rial is to be deposited, a supply roller for supplying the 
film substrate to the drum, a winding roller for winding 
the film substrate on which.the evaporation material has 
been deposited, a free roller for assisting the winding 
and travel of the film substrate, a voltage applying de- 
vice for applying a DC voltage to the film substrate on 
which the evaporation material has been deposited; and 
an electric current measuring device for measuring an 
intensity of electric current flowing between the film 
substrate on which the evaporation material has been 
deposited and the ground. 

5 Claims, 3 Drawing Sheets 
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substrate 1 then travels to the free roller 7a and is 

EVAPORATION APPARATUS COMPRISING wound around the winding roller 6. 
FILM SUBSTRATE VOLTAGE APPLYING MEANS However, the above-described construction does not 
AND CURRENT MEASUREMENT MEANS allow the evaporated material to adhere to the film 

5 substrate 1 with a great strength. In order to overcome 
BACKGROUND OF THE INVENTION this disadvantage, as a pre-treatment, it is necessary to 

The present invention relates to an evaporation appa- ^t'" """^ "eans of annealing or 

ratus for foiining a metal membrane on a film substrate. '™P!^t«« by means of plasma treatment and form irreg- 

In recent years, an evaporation apparatus has been "l*"*"" o" the surface of the film substrate 1. Thu^^^^ 
widely used to evaporate a metal membrane over a '® manufactumg operation requires much time 
magnetic recording tape or a film capacitor or the like. flso/cq'-ripg provision of equipment for the pre- 

An example of a conventional evaporation apparatus J 1- addtuon. with the mcreve of 

will be described below with reference to HG 3. The quantity of ions contamed in splashed particlttof 
apparatus comprises a film substrate 1 to which an cvap. „ Ae evapomion^matend 2 which has melted and been 
orated material is attached; an evaporation material 2; a " ^1^"*'^^^^ ^"^^^T. "creasmgly 
vacuum evaporation meani 13. pnivided on a container 'V^T ri «>*«^"P0": 

* fr^ .(.. .....^.i t means. As a result, the film is thermally deformed 

3 for contaimng the c>^poration materul 2, consistmg ^ j ^ stretched. contractJor melted, 

of such means as resistance heating, high frequency j w^/. "j, d,.s.<s,u^, wuuowu^ wi 
induction heating, or an electron beam for melting and ^ SUMMARY OF THE INVENTION 

evaporating the ^-aporation material 2; a drum 4 rotat- „ ^ present invention to provide an 

mg m opposition to the vacuum evaporation means and evaporation apparatus for allowing evaporat^particles 
f?rf^!^f,^n"*. Z"^ «rculating «> as to cool Ae .Pfaere to a fflm with a great strtngthby cauring ions 
^ "^,T *"/aPO"««» of evaporated particles to Collide with the film at a great 

material is being deposited; a supply roller 5 for supply- 25 energy 

ing the film substrate 1 to the drum 4; an ungrounded it is 'another object of the present invention to pro- 
wmdmg roller 6 for winding up the evaporated maten- ^ evaporation apparatus for preventing a film 

al-deposited Him substrate 1, the surface of which from being thermally deformed by ion energy by appro- 
contacts the film substrate 1 and is covered with an lately controUing the quantity of ions which collide 
msulatmg tape or an msulating coatmg matenal such as 3^ ^hc film as weD as the adhesion strength of parti- 
poJytetrafluoroethylene resin; ungrounded free roller ^jj^ f-jj^^ *^ ^ 

7a, for assisting the winding or travel of the film sub- accompHshing these and other objects, there is 

strate 1. the surface of which contacts the film substrate provided an evaporation apparatus comprising: a vac- 
1 and IS covered with an msulating tape or an insulating chamben a vacuum pump for producing a pres- 

coatmg matenal such as polytetrafluoroethylene resin; 35 sure-reduced atmosphere in the vacuum chamber, at 
an ungrounded free roller lb for assisting the winding j^ast one vacuum evaporation means for evaporating an 
or travel of the film substrate 1 and in conductive evaporation material held in a container 3 provided in 
contact with the surface of the film substrate 1 on which the vacuum chamber, a drum, opposed to the vacuum 
the evaporated material has been deposited; a vacuum evaporation means and rotating, for cooling a fihn sub- 
chamber 8; a vacuum pump 9 for evacuating the interior 40 strate on which the evaporation material is to be dcpos- 
of the vacuum chamber 8; a DC power source for ap- jted; a supply roller for supplying the fihn substrate to 
plymg, through the free roller 7b, a DC voltage to the the drum; a winding roller for winding the film on 
evaporated matenal -deposited film 1. which the evaporation material has been deposited; a 

The operation of the apparatus of the above construe- free roller for assisting th^ windmg and travel of the 
tion is described below. 45 film substrate; a voltage applying means for applying a 

The interior of the vacuum chamber 8 is evacuated to DC voltage through the free roller to the film substrate 
a vacuum degree of approximately 5x10-5 Ton* by the on which the evaporation material has been depcwited; 
vacuum pump 9 such as a rotary pump, oil diffusion and electric current measuring means for mtasuring the 
pump, or a cryopump. Then, the supply roller 5, the intensity of electric current flowing between the fihn 
drum 4, and the winding roller 6 are driven. The film 50 substrate on which the evaporation material has been 
substrate 1 travels in order from the supply roller 5, deposited and the ground. 

over the free roller the drum 4, the free roller 7A, According to the above construction, a negative volt- 
and the free roller 7fl. and finally b woimd around the age is applied to the film subsuate after the material is 
windinlg roller 6. The evaporation material 2 is melted deposited on the film substrate, and a metal membrane 
and evaporated by the vacuum evaporation means con- 55 formed on the film substrate is negatively charged, 
sisting of such means as resistance heating, high fre- Therefore, ions of ev^orated particles of the material 
quency induction heating, or electron beam. Evapo- collide with the film substrate at a high energy and as 
rated particles splash and are deposited on the surface of such, ion energy causes the metal membrane to adhere 
the film substrate 1 being fed along the surface of the to the film substrate with a great strength. At this time, 
drum 4 to form a metal membrane on the surface of the 60 the electric current measuring means measures the in- 
film substrate 1. At this time, the DC power source 10 tensity of electric current generated by ions passing 
applies a positive or a negative voltage to the evapo- through the metal membrane formed on the film sub- 
rated material-deposited film substrate 1 through the strate and the vacuum evaporation source so as to en- 
free roller 7fr so as to generate a potential difference able control of the quantity of ions colliding with the 
between the film substrate 1 and the drum 4. As a result, 65 film by adjusting the intensity of electric current by 
the film substrate 1 which has been brought into close means of the voltage of the DC power source. Thus, the 
contact with the .drum 4 is cooled because the drum 4 metal membrane is capable of adhering to the film sub- 
contains cooling hquid which is circulating. The film strate with a favorable strength. In addition, ions can be 
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prevented from colliding with the film substrate in a 5.0 mA by means of the voltage of the DC power 
large quantity. Therefore, the thermal transformation of source 10 when nickel is deposited over the film sub- 
the filin substrate such as stretching, contraction, and strate 1. 

melting can be prevented. As a result, the film substrate As described above, a negative voltage is applied to 
can be wound around the winding roller without being 5 the film substrate 1 after the material 2 is deposited over 
wrinkled. Further, since it is unnecessary to provide the the film substrate 1, and the metal membrane 12 formed 
pre-treatment of the film substrate 1 for improving the on the film substrate 1 is negatively charged as shown in 
adherence strength of evaporated metal particles, the FIG, 2. Therefore, ions of evaporated particles of the 
producing operation does not require much time and material 2 collide with the film substrate 1 at a high 
labor, and does not require equipment for the pre-treat- 10 energy and as such, ion energy causes the metal mem- 
"^t' brane 12 to adhere to the film substrate 1 with a great 

BRIEF DESCRIPTION OF THE INVENTION ^^Sfi^- At this time, the ammeter 11 measures the 

intensity of electric current generated by ions flowing 

These and other objects and features of the present through the metal membrane 12 fonncd on the fihn 
mventiOT will become apparent from the following 15 substrate 1 and the vacuum evaporation means 13 so as 
description taken in conjunction with the accompany- to control the quantity of ions colliding with the fihn 
ing drawings, in which: substrate 1 by adjusting the intensity of electric current 

FIG. 1 is a schematic sectional view showing an by means of the voltage of the DC power source 10 in 
evaporation apparatus according to an embodiment of accordance with the controller 12. Thus, the metal 
the present invention; 20 membrane 12 is capable of adhering to the film substrate 

FIG. 2 is a schematic view showing an ammeter and 1 with a favorable strength. In addition, the colliding of 
an evaporation operation of the evaporation apparatus; a large quantity of ions with the film substrate can be 
^£ prevented Therefore, the thermal transformation of the 

FIG. 3 is a schematic sectional view showing a con- film substrate such as stretching, contraction, and mch- 
vcntional evaporation apparatus. 25 ing can be prevented. As a result, the fihn substrate can 

DETAILED DESCRIPTION OF THE ^® wound around the winding roller 6 without being 

INVENTION wnnkled. Further, smce it is unnecessary to provide the 

pre-treatment of the film substrate i for improving the 

Before the description of the present mvcntion pro- adherence strength of evaporated metal particles, the 
ceeds, it is to be noted that like parts are designated by 30 producing operation does not require much time and 
like reference numerals throughout the accompanying labor, and does not require equipment for the pre-treat- 
draurings. ment 

Referring to FIGS. 1 and 2, an evaporation apparatus According to the embodiment, even though the film 
according to an embodiment of the present invention is substrate 1 consists of polytetnifiuoroethylcnc resin and 
described below. 35 as such, has a heat resisting temperature as low as 200* 

FIG. 1 is a schematic sectional view showing the C, the fihn substrate 1 can be prevent©! from being 
evaporation apparatus according to the embodiment of thermally transformed. Therefore, nickel can be depos- 
the present invention. The difference between the ited over the film substrate 1 to a favorable strength, 
above-described conventional apparatus and the em- In the embodhnent, the intensity of electric current 
bodiment is that the evaporation apparatus of the em- 40 generatedbyions iscontrolledby the voltage of the DC 
bodiment includes an ammeter 11 for measuring the power source 10 in accordance with the controller 12. 
intensity of electric current flowing between the film Alternatively the intensity of electric current can be 
substrate 1 and the ground. FIG. 2 shows the ammeter controlled by adjusting the ionization degree of the 
11 and the evaporation operation of the apparatus. The material 2 by changing the power of, for example, the 
operation of the evaporation apparatus is described 45 electron beam of the vacuum evaporation means 13. 
below with reference to HGS. 1 and 2. The control operation may be manually performed 

Similarly to the conventional evaporation apparatus, by adjusting the voltage of the DC power source 10 
the interior of the vacuum chamber 8 is evacuated, for without the controller 12. Additionally, a positive volt- 
example, to the same vacuum degree as that of the con- age may also be applied to the drum 4 by a volUge 
yentional apparatus described above and the material 2 50 applying device 14 when a negative voltage is applied 
in the container 3 is evaporated by the evaporating to the film substrate 1 after the material 2 is deposited on 
means shown schematically at 13, which can be a resis- the film substrate 1, so that the surface of the drum 4 has 
tance heating means, high frequency induction heating a positive voltage to easily form a negative voltage on 
means or an electron beam as in the prior art, and ad- the film substrate 1 so as to improve t he strength. The 
hered to the film substrate 1 to form a metal membrane. 55 ammeter 11 may be provided between the ground and 
At this time, the DC power source 10 applies a voltage the vacuum chamber 9 or between the ground and the 
of 0 to —500 V to the metal membrane-deposited film DC power source 10. 

substrate 1 through the free roller 7^* so as to generate a Although the present invention has been fully de- 
potential difference between the film substrate 1 and the scribed in connecticm with the preferred embodiments 
drum 4. Thereafter, the film substrate 1 closely contacts 60 thereof with reference to the accompanying drawings, 
with the drum 4 in which cooling liquid is circulating it is to be noted that various changes and modifications 
and is them cooled and travels to the free rollers lb and will be apparent to those skilled in the art Such changes 
7a and is finally wound around the winding roller 6, and modifications are to be understood as included 
The ammeter 11 measures die intensity of electric cur- within the scope of the present invention as defined by 
rent generated between the film substrate 1 and the 65 the appended claims unless they depan therefrom, 
ground so as to enable control by the controller 12 of What is claimed is: 
the quantity of ions which colUde with the film sub- 1. An apparatus comprising: 
strate 1 by adjusting current intensity to not more than a vacuum chamber; 
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a vacuum pump for producing a pressure-reduced 
atmosphere in said vacuum chamber; 

a supply roller rotatably mounted relative to said 
vacuum chamber for supplying a film substrate to ^ 
travel along a path; 

a drum for receiving the film substrate thereagainst 
and cooling the film substrate, said drum being 
rotatably mounted in said vacuum chamber; 

a winding roller for winding the film substrate 10 
thereon, said winding roller being rotatably 
mounted relative to said vacuum chamber; 

a free roller for assisting in travel of the film substrate 
along the path, said free roller being rotatably 
mounted relative to said vacuum chamber in a 
position along the path between said supply roller 
and said winding roller; 

an evaporation material container mounted in said 
vacuum chamber opposite said drum for containing 
evaporation material to be evaporated; 

an evaporation means for imparting energy to the 
evaporation material to cause evaporation and ioni- 
zation thereof; 25 

a voltage applying means for applying a DC voltage 
through said free roller to the film substrate to 
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cause the evaporated and ionized evaporation ma- 
terial to be deposited on the film substrate; and 
an electric current measuring means for measuring an 
intensity of electric current flowing between the 
Aim substrate and a ground. 

2. An apparatus as recited in claim 1, further compris- 
ing 

a control means for controlling the intensity of the 
electric current flowing between the film substrate 
and the ground. 

3. An apparatus as recited in claim 2, wherein 

said control means is operable to control the intensity 
of the electric current flowing between the film 
substrate and the ground by controlling an amount 
of voltage applied by said voltage applying means 
to the film substrate. 

4. An apparatus as recited in claim 2, wherein 

said control means is operable to control the intensity 
of the electric current flowing between the film 
substrate and the ground by controlling an amount 
of energy imparted to the evaporation material by 
said evaporation means. 

5. An apparatus as recited in claim 1, further compris- 
ing 

a positive voltage application means for applying a 
positive voltage to said drum. 

« * * • * 
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